Abstract-This extended thesis abstract provides an overview of my research on exploiting diversity in Wireless Sensor Networks using Fountain codes.
I. INTRODUCTION
A Wireless Sensor Network (WSN) is a system composed of a number of independent sensor nodes spatially distributed that cooperatively collect and monitor a physical quantity. The applications for WSNs involve for example environment monitoring, object tracking, machine controlling, etc. Most of these applications require sensor nodes to be ubiquitous and autonomous. In the design of a sensor network, the most vital criterion to be considered of is the lifetime limitation of the sensor nodes. Thus, low resource consumption as well as lightweight computational complexity is imperatively needed to be taken into account.
To achieve transmission reliability on a wireless channel, a common way to do so is by employing a feedback channel to request retransmission of the lost packet. However, on a half-duplex channel, the acknowledgment process increases collision rate as the link error probability increases. One way to limit the use of feedback channel is by applying a new class of erasure codes called Fountain codes. Fountain codes are designed to perform efficiently over erasure channels and have also been shown to perform well on AWGN channels [1] . On a relay channel, their performance approach the Shannon capacity [2] . The principle of Fountain codes consists in transmitting an infinite number of encoded information to the receiver while transmission ends as soon as the receiver gets enough packets and is able to decode the original information successfully. These received packets can be in arbitrary order as far as their mutual information exceeds the entropy of the source information. So far, there are several classes of Fountain codes such as Random Linear Fountain codes (RL), Luby Transform codes (LT), Raptor codes [3] [4] [5] .
Initially, Fountain codes were designed to suit multicast scenarios as in multimedia, streaming and data storage applications where we want to simultaneously transmit information to multiple recipients [6] . Fountain codes have only been recently extended to data netwoks. However, some constraints are introduced by Fountain codes related to latency and coding overhead which in some case may no longer be negligible over small amount of transmitted information. In this research, we aim at highlighting the benefits of Fountain codes for WSNs by proposing an optimized implementation. We investigate solutions where the relay nodes introduce diversity in the transmission in order to overcome the issues of overhead and lantency introduced by Fountain codes while maintaining the same level of robustness in the transmission.
II. FOUNTAIN CODES
The first class of Fountain codes which is considered as an ideal Fountain Code is called Random Linear Fountain code (RL). Although the RL code gives minimum bound on the performance in terms of overhead, its decoding complexity based on Maximum Likelihood technique grows rapidly with the number of source blocks. To avoid this issue, Luby proposed a new practical code that exhibits much lower decoding complexity called Luby Transform. The LT code uses the Belief Propagation decoding. For the decoding process to perform correctly, the number of source blocks contained in each encoded packet which is related to the degree of the packet, needs to respect the Robust Soliton Distribution. An extension of LT code with linear time encoding and decoding called Raptor code has recently been proposed. In this research, we study various classes of Fountain codes in order to choose the one benefiting the most transmission in WSNs.
III. RESEARCH SUMMARY
The contribution of our research can be briefly summarised in these following sections. Our simulation results are obtained through WSNET [7] , an event-driven simulator for large scale wireless sensor networks with realistic IEEE 802.15.4 MAC protocol and Texas CC1100 radio characteristics. Furthur results can be found in [8] [9] [10] .
A. Energy efficient transmission with Fountain codes
In the first part of this research, we have demonstrated several benefits of Fountain codes for a point-to-point communication. We have shown that in a retransmission system with realistic MAC protocol, the transmission with Fountain codes outperforms that without coding in term of energy and delay. In fact, when Fountain codes are used, a large amount of feedback channel required for acknowledgment processes can greatly be saved. This benefit is even more accentuated close to the sink where several transmissions are handled simultaneously. Indeed, for a point-to-point communication, we have shown that Fountain codes greatly reduce the number of collisions [8] .
B. Fountain codes based relaying strategies
Diversity is a useful means to overcome the effect of fading, outage or failure in a wireless network. It can be obtained by various diversity acheiving techniques. Cooperative diversity with Fountain codes in [11] shows how these codes can help accumulating information through several parallel relay nodes. Relaying strategies with Fountain codes has been studied in [12] but are limited only for RL encoding. Since the decoder of RL code necessitates high computational complexity and is therefore unsuitable for WSNs, our study focuses on designing novel relaying strategies with a more practical code such as LT and Raptor code. As Fountain codes are primarily designed for a single erasure channel, when the number of sensor nodes grows, the capacity achieving way to implement Fountain code in the network is by completely decode and re-encode information at each hop. Although capacity can be achieved by this means, it incurs high transmission delay. To avoid completely decoding and re-encoding information at every hop and to find a good compromise between capacity achieving and transmission delay, we study the scenario where each sensor node participates in monitoring and processing information flow along the line by transmitting a XOR combination of previously received packets in its buffer to increase transmission diversity. Considering a linear multi-hop network, we notice that the benefits of XOR-based relaying with RL Code can be obtained by randomly applying XOR between packets stored in a node's buffer before relaying as in [12] . However, with other classes of Fountain codes such as LT code or Raptor code, the benefits of XOR-based relaying are more difficult to be obtained due to the restriction of the encoding degree distribution. The XOR operations between the encoded packets tend to alter the overall degree distribution of the information flow and greatly affect the decoding capability.
In our research, we have proposed a novel practical relaying scheme based on probabilistic XOR operation that helps preserving the Robust Soliton Distribution necessary for the Belief Propagation Decoding. Our proposed strategy leads to an improvement in capacity compared to other existing relaying schemes [9] [10].
C. Fountain codes in a large-scaled Wireless Sensor Network (Future research)
Our on-going research is focusing on extending the previous study to a large-scale network where Gradient Broadcasting protocol is implemented. The Gradient Broadcasting algorithm is a basic geographical routing technique where no a priori routes are constructed [13] . Messages are broadcast by nodes and the ones closer to the sink simply retransmit the data. Such algorithms are really simple and provide robust transmission with low overhead. The purpose of introducing Fountain codes in a network with Gradient Broadcasting protocol is to be able to guarantee perfect robustness. The whole point is now to improve the energy-latency tradeoff of the system. To achieve that goal, we want to exploit the inherent redundancy of the Gradient Broadcasting algorithm by mixing the data packets using XOR combinations in order to increase diversity and source entropy of the information contained in each data packet. We believe this technique will leads to a fast and efficient message recovery in an error prone network.
IV. CONCLUSIONS
So far, the analysis and the results in this research show that Fountain codes introduce redundancy, robustness and reliability in the system. Diversity gain can be achieved by applying appropriate XOR algorithms at the relay nodes. Our proposed XOR-based relaying scheme with Fountain codes improves overall transmission performance for a linear multihop network. My on-going and future work relies on extending this knowledge to a larger scale network where we aim at reducing transmission redundancy by intelligently applying XOR-combination between Fountain encoded flows at the relay nodes.
